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ABSTRACT 


V 

This  Parc  IV  of  cha  Final  Report  prasanCa  daaign  dace  for  cha  stiffness  character* 
istics  of  ball  bearings  for  use  in  analysing  the  dynasilcal  performance  of  a  rotor. 
The  dynamic  character! “tie*  of  fluid  file*  bearings  are  given  in  Par*  III  which 
also  gives  the  methods  for  performing  the  analysis  of  the  rotor-bearing  system. 

Design  data  are  presented  for  the  extra-light  and  light  group  of  deep-grooved 
and  angular  contact  bearings  undergoing  either  a  pure  radial  load,  pure  axial 
load,  or  combined  radial  load  with  axial  preload.  The  data  are  given  in  graphical 
form  and  cover  both  radial  stiffness  and  loed-carrying  capacity.  A  nominal  damping 
value  for  ball  bearings,  obtained  from  experimentation,  la  suggested. 

Soow  of  the  general  guide  rules  for  the  selection  of  ball  bearings  are  given. 

These  are  concerned  with  fatigue  life,  limiting  speeds,  design,  and  lubrication. 
Safe  load  levels  are  indicated.  , 
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INYRODUCTIOM 


Th«  purpose  of  this  report  is  to  present  design  date  for  typical  deep-groove  and 
angular  contact  bearings  of  the  commonly  used  light  and  extra-light  series.  The 
data  may  be  used  for  various  rotor-ball  bearing  system  designs.  In  conjunction 
with  our  (KTX)  critical  speed  and  unbalance  response  programs. 

The  information  Is  presented  In  graphical  fora.  It  consists  of  load  carrying 
capacity,  radial  and  axial  stiffness,  and  load  levels. 

A  complete  description  Is  given  for  all  the  variables  used.  A  section  entitled 
"Design  Requirements"  Is  written  to  describe  various  parameters  and  to  present 
design  considerations,  guidelines  and  limitations. 

A  number  of  examples  on  the  application  of  the  curves  to  specific  cases  are 
Included. 

The  analyses  used  are  written  in  the  Appendix,  along  with  a  computer  program 
listing  of  the  calculatlonal  procedure. 

If  any  particular  case  Is  not  covered  by  the  Included  curves,  more  data  may  be 
generated  by  computer  program  PMO-182,  UK  1620-6C*. 
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II 

PE SIGN  REQUIREMENTS 


A  ball  bearing  schematic  la  shorn  as  Fig.  A  to  Illustrate  standard  nomenclature . 
Types  of  Bearings 

The  single  row,  deep  groove  ball  bearing  will  sustain  radial  loads  and  in  addi¬ 
tion  a  substantial  thrust  load  in  either  direction.  Wnen  using  this  type  of 
besring,  careful  alignment  between  the  shaft  and  housing  is  essential. 

The  angular  contact  ball  bearing  is  designed  to  support  a  thrust  load  in  one 
direction  or  a  thrust  load  (preload)  combined  with  a  radial  load.  These  bearings 
can  be  mounted  singly  or,  when  the  side  surfaces  are  flush  ground,  in  multiple, 
either  face-to-face  or  back-to-back  for  all  combination?  of  thrust  and  radial 
loading.  The  basic  difference  between  the  two  is  the  larger  clearance  and 
greater  shoulder  height  of  the'  angular  contact  bearing.  Generally,  this  will 
permit  operation  with  higheT  thrust  loads  and  at  higher  speeds  than  the  deep 
groove  bearing. 

« 

Load  Level  • 

The  load  levels  shown  (C/F  ■  5  and  C/F  10)  correspond  to  normally  encountered 
Herts  Stress  levels  of  230,000  and  186,000  psi  respectively. 

Ball  Bearing  Damping  • 

The  only  available  damping  information  was  from  non-rotating  tests  on  a  grease 
packed  ball  bearing  (A-2)  system.  The  measured  value  was  in  the  order  of  15-20 
pounds  sec/in.  This  should  be  used  only  as  a  "ballpark”  since  it  should  be 
much  higher  in  the  rotating  condition,  and  for  larger  bearing  sixes. 

Race  Curvatures 

Since  the  question  of  stiffness  and  rotor  dynamics  will  be  a  major  factor  at 
high  speeds,  some  design  guidelines  for  this  aspect  are  in  order,  normally, 
more  open  curvatures,  one  piece  machined  retainers,  and  generous  internal  clear¬ 
ances  are  preferred.  The  normal  curvatures  are  51.6  percent  for  inner  race  and 
53  percent  for  outer.  Open  curvatures,  for  high  speed  range,  between  54  percent 
and  57  percent  for  both  inner  and  outer  are  used.  The  57  percent  curvature  is 
widely  used  and  is  included  in  the  design  discussion. 
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Ball  Bearings  -  Lift 


Th«  •election  of  bell  bearings  tor  verioue  eppllcetlona  consider  such  factors  as 
load,  speed,  temperature,  environment,  design,  and  lubrication.  However,  the 
initial  sizing  and  selection  is  usually  based  upon  the  fatigue  rating  of  the 
bearing. 


Based  upon  a  statistical  distribution  proposed  by  Veibull  and  the  analytical  and 
experimental  work  of  Lundberg  and  Palmgren  the  Ufa  of  the  bearing  for  a  given 
probability  of  survival  has  been  found  to  vary  inversely  aa  the  cube  of  the 
applied  radial  load.  For  other  than  radial  loading,  an  aquivalent  radial  load 

r 

is  defined.  A  Specific  Dynamic  Capacity  (C)  la  defined  as  that  radial  load 
which  will  result  in  a  life  of  one  million  inner  race  revolutions  with  a  90 
percent  probability  of  survival.  The  AFBMA  (Anti  Friction  Bearing  Manufacturers 
Association)  has  standardized  on  the  following  formula  for  (C): 


„  *  „  .0. 7^2/3  .  1.8 

C  -  fc(i  cos  Pq)  d  , 


(1) 


where  1  -  the  number  of  rows  of  balls  in  any  one  bearing 
ft  -  the  number  of  balls  per  row 
p  «  the  angle  of  contact 
d  ■  the  ball  diameter inch 

fc>  a  factor  depending  on  oscillation  and  material 
For  normal  bearing  proportions  fc  *»  £500. 

The  life  (90  percent  probability  of  survival)  at  any  other  radial  load  or  equi¬ 
valent  radial  load  (P)  is  related  to  the  Specific  Dynamic  Capacity  (C)  as 
follows: 

•> 

L  -  (C/P)"  millions  of  inner  race  revolutions  (2) 

It  is  normally  assumed  that  speed  effects  life  in  a  linear  fashion;  that  is, 
life  varies  inversely  with  speed.  For  s  given  operating  speed  of  N  rpm,  the 
number  of  revolutions  which  correspond  to  H  hours  of  life  is 

L  ■  60  NH  revolutions 


Ba*ed  upon  experimental  data,  equation  (3)  is  too  conservative  at  high  speeds 
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Catalog  ratings  ara  ganaratad  in  thla  faahlon,  usually  for  soaw  glvan  number  of 
hours  of  Ufa  with  a  90  parcant  probability  of  survival.  Five  hundrad  houra  is 
a  common  catalog  rating.  Nota  that  a  rating  at  33-1/3  rpa  for  500  hours  is  tha 
Spacific  Dynamic  Capacity. 


Sinca  this  is  availabla  in  tha  catalogs  of  most  of  tha  baarlng  companies,  no 
furthar  explanation  of  this  aspect  is  included  in  this  report. 


Baarlng  Centrifugal  Loading 


In  soma  instances,  it  is  desired  to  estimate  tha  Ufa  of  a  ball  bearing  at 
extremely  high  spaed  with  little  or  no  externally  applied  loading.  In  thla  case, 
tha  fatigue  life. Is  determined  by  tha  centrifugal  loading  of  tha  balls  on  tha 
outer  ring.  (Ref.  4) 


The  outer  ring  capacity  is  given  by 


C  -a/  2fS  V'41  XUJi1;39  7.3  d1.8  J.-1/3 
°  '“o'1'  (1-7)1'3 


where 

A  “  material  constant,  usually  7140  1 

f  "  outer  race  curvature  factor  (ratio  curvature  radius  to  ball  i 
°  diameter) 

7  “  ball  diameter  to  pitch  dlaaMtar  ratio,  d/B 
d  ■  ball  diameter  -  inch' 

Z  “  number  of  balls 
E  ■  pitch  diameter  -  inch 


Tha  life  of  the  outer  ring  is  given  as 


(c  /P  ,  ^  ■  90X  life  in  10**  revs. 

\  o  c. f . / 


5 


where 


F.  .  ■  centrifugal  ball  loading 
C»X* 

f  ,  -  5.257  *  10'7  d3  EM.2  (i-7)2 

c .  i .  l 


gffacta  of  Cyclic  Loading  on  Bearing  LI fa 


Aa  was  previously  shown,  the  fatigue  life  of  a  rolling  eleaenc  bearing  la  defined 
In  terms  of  a  90  psrcant  probability  of  survival.  A.  specific  dynamic  capacity 
C  is  defined  as  that  radial  load  which  will  result  in  a  life  of  10*  inner  race 
revolutions  with  90  percent  survival  probability.  The  90  percent  life  at  any 
other  load  P  is  related  to  the  specific  dynamic  capacity  aa  follows: 

L  -  (C/P)3  106  Rev.  (2) 


When  the  load  varies  in  a  series  of  known  steps,  some  equivalent  or  mean  load 
is  defined  as  follows: 


/  F,3  ~~  ♦  1.  \ 

\  Bj  +  +  Bn  } 


where  P, ,  P_,  P  are  loads  applied  for  H. ,  N,,  N  cycles. 
1  4  n  l  a  n 


For  the  case  of  vibratory  loading,  an  integral  form  of  Kquatlon  (6)  can  be  used: 


-(*' 


P3  dN 


In  the  general  case,  the  loading  will  consist  of  some  steady  load  tQ  and  a 
sinusoidal  load  P^  sin  cot. 


The  bearing  loading  P  is  given  as 


P  ■  P  +  P,  sin  cot 
o  1 


Using  this  in  Equation  (7)  yields  the  following: 


P»"  [r  'o  <Po  +  Pl  ,ln  fl*>3  «<"*>] 
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expansion  of  equation  (9)  gives 


'.  •  [«  r  (,o,+  ”a2,l  •«  <*>  »„'l2  “»2  « 


3  3  1 

+  Fj  sin  a>C)  d  cot)  J 


F  - 


x 

[«  ( 


F  3  a>t  -  3  F„2F.  cos  cot  ♦  3P  P  2  ^ 

O  O  1  0  1  4 


...  2  sin  2cot  .3  .  .  _ 

■»ofl  ' — 4 “  P1  co#  ®*  +  9 


3  cosjot  %*1 
1  3 


1/3 


(10) 


*.  •  U  <».3* + 1  Vi2*)] 


1/3 


['.3<1  +  §  p>] 


2  _  1/3 


(ID 


r-[l  +  f(r)  1 


2  .  1/3 


(12) 


The  results  of  Equation  (12)  are  plotted  in  Figure  B  as  a  function  of  the  cyclic 
load  ratio. 


The  life  nay  be  found  fron  Equation  (2)  using  tha  equivalent  load  P  . 

n 

Often  the  steady  state  load  Pq  is  known  and  the  effect  of  various  cyclic  loads 
is  desired.  The  life  due  to  the  steady  state  load  P^  is 

L  -  (C/P)3  (13) 

o  o 


While  the  life  due  to  the  equivalent  load  F  la 


L  -  (C/P  V 


The  retio  of  the  livea  la 


L_  <C/Pm> 
Lo  (C/P0)3 


(dr) 


The  life  retio  aa  a  function  of  the  equivalent  load  ratio  la  shown  In  Figure  C. 


In  summary,  the  results  apply  to  the  following: 

1‘  Pl*Po 

2.  Radial  Loading  * 

3.  P  la  unidirectional 

o 

4.  Pj  la  the  alngle  amplitude  of  the  cyclic  dlaturbence. 


The  above  can  be  uaed  with  manufacturer a1  catalog  date  by  roting  that  theaa  ere  j 
aat  up  for  aoma  given  life  (uauelly  300  houra)  at  varloua  epeeda.  The  corresponding 
load  la  tabulated. 


The  caae  where  a  cyclic  load  only  la  applied  la  sometimes  encountered.  The 
bearing  load  la  then 

P  »  Pj  ain  mt 

a 

Equation  (7)  now  become 


p»"Uf  <pi  *ina*)3  d(<ot>] 

-  ££  Pj3  (“Cob  ot  +  J  coaJ 


-  0.752  P, 
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The  ratio  of  equivalent  loading  to  the  single  amplitude  of  the  cyclic  loading 

la 


~  -  0.752  (19) 

rl 

Bearing  life  la  datemlned  fro*  Pa> 

Aa  vaa  previously  noted,  Equation  (12)  and  figure*!  were  derived  for  redial 
loading.  However,  the  relatlona  can  be  adapted  for  uae  with  thrust  loads,  If 
the  thrust  load  la  repreaentsd  by 

T  -  T  +  T.  ala  a*  ,  (19) 

o  i 

where  Tq  la  the  steady  thrust  load  and  is  the  single  amplitude  of  the  cyclic 
thrust  loading*  This  gives  a  similar  relation  to  Equation  (12)  as  follows: 

T  r  ,T  V2  1  1/3 

ro  ■  l1  +  lirj  ]  (20) 

Figure  B  can  be  used  to  obtain  either  a  naan  radial  or  thruat  load.  However,  In 
the  case  of  thrust  loading,  bearing  life  nust  be  calculated  using  an  equivalent 
radial  load  with  the  specific  dynanlc  capacity.  For  calculation  purposes 
(preliminary  engineering  calculations)  the  equivalent  radial  load  is  given  by: 

♦ 

V 

9  9  ' 

‘  Ji  *  ■;  Kqulv.  Bad.  Load  •  0.37  F  ♦  2T  (21) 

i  t 

where  F  Is  the  radial  load  and  T  is  the  thrust  load.  Either  I  or  F,  or  both 
are  replaced  by  Fa  and  Ta  where  cyclic  loading  Is  Involved.  More  accurate 
relationships  for  the  various  bearing  types  sre  found  In  the  manufacturers' 
catalogs  or  the  AFBMA  standards. 
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Lubricant  Llfg 


In  many  Instance*,  fatigue  Ufa  la  not  tha  major  consideration  ainca  tha  loading 
la  light.  Tha  lubricant  la  uaually  tha  limiting  It  am  Inaofar  aa  Ufa  la  concerned. 
Tha  firat  conaldaration  la  to  ba  aura  that  lubricant  and  tha  lubrication  ayatan 
ara  adequate  for  tha  apaad  ranga. 

Unfortunately,  thara  ara  no  exact  gulderulaa  that  can  ba  aat.  Hovavar,  aoma 
ganarallsationa  ara  poaaibla  with  raapact  to  normal  appllcationa. 


Svatam 

Sneed  Limit  D  x  It  (bora  in  am  x  apaad  In  KFM) 

Graaaa 

250,000 

(ribbon  ratalnar) 

Oil  Level 

300,000 

(ribbon  ratalnar) 

A 

Mlat 

700,000 

(machined  retainer) 

* 

Jet  Oil 

>1°6  , 

(machined  retainer) 

S' 

y~ 

Abova  300,000  dN,  tha  uaual  ribbon  ratalnar  would  ba  raplacad  by  a  machined  retainer 
of  metal  or  phenolic.  For  normal  temperature*,  the  phenolic  detainer  la  commonly 
uaed.  With  apaclal  graaaaa,  retainer  daalgn,  and  light  loading,  graaaa  lubri¬ 
cation  haa  been  uaad  to  apaada  of  750,000  dll. 

With  raapact  to  graaaa  lubrication,  thara  la  evidence  that  life  la  reduced  In  noma 
logarithmic  faahlon  with  lncraaalng  dM  valua.  Thia  la  almllar  to  tha  affact  of 
temperature.  Figure  D  ahowa  a  typical  behavior  of  Ufa  with  raapact  to  tempera¬ 
ture.  A  raaaonable  rule  of  thumb  la  that  Ufa  la  cut  in  half  for  aach  10* C 
riaa  over  100* C. 


Bearing  Life  -  Hours 


Fig.  D  Bearing  Life  Versus  Tseperature 
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XXI 

1*8101  DATA 


Description  and  Discussion  of  Charts 

There  ere  basically  three  separate  sate  of  design  charts  included  in  this  report, 
namely: 

Q 

a.  Pure  Badlal  Loaded  Bearings  (Deep  Croova)  Contact  Angle  *  0 

Q 

b.  ’  Pure  Thrust  Loaded  Bearings  (Deep  Groove)  Contact  Angle  »  10 

c.  Angular  Contact  Bearings  with  Axial  Preload  end  Applied  Kadial 

Load  p  -  25° ,  15° 
o 

Table  I  describes  the  dimensions  and  symbols  used  for  the  deep-grooved  bell 
bearings.  Table  IX  contains  information  pertaining  to  the  angular  contact 
bearings. 

The  first  set  of  four  charts  contains  graphs  of  radial  stiffness  versus  radial 

load.  Load  levels  are  Indicated  on  the  curves.  The  effects  of  bearing  else  and 

race  curvatures  are  illustrated,  by  these  four  charta.  In  ge-'erel,  a  bearing  with. 

tighter  raceway  curvatures  is  a  atlffar  bearing.  For  example,  a  beering  with 

curvatures  of  f  -  .51b,  fQ  -  .530  is  atiffcr  than  the  sane  bearing  operating 

with  curvatures  of  f .  •  f  “  .570,  for  the  same  radlel  load.  Bad  la  1  stiffness 

1  o 

is  hlgner  for  a  bearing  with  a  larger  bore  diameter  and/or  a  greater  number  of 
balls.  Note,  for  pure  radial  load,  the  linear  relationship  between  log  8^ 
and  log  P. 

The  second  set  of  eight  charts  contains  graphs  of  axial  stiffness  and  axial 
deflection  versus  axial  thrust  applied  load.  Load  levels  are  tabulated  in 
Table  III  for  these  particular  bearings  undergoing  a  purs  thrust  load  since 
cross  plots  of  C/P  will  add  confusion  when  reading  the  curves.  Deflection 
curves  are  Included  to  aid  in  analyzing  a  double  acting  thrust  bearing  set. 

The  deflection  curve  for  a  double  acting  thrust  bearing  set  is  constructed 
froa  the  deflection  curve  of  a  single  bearing  by  adding  increments  of  deflection 
to  one  bearing  and  subtracting  from  the  other.  The  corresponding  load 
differences  equal  the  externally  applied  load.  A  similar  observation, as  given 
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s 


above  for  radially  loaded  bearings,  can  ba  mad*  for  the  thruat  loaded  bearing,  Jj 

a  bearing  operating  with  curvature*  of  t.  •  .316,  f  •  .530  ie  atlffer  than  the; 

L  O 

••taa  bearing  operating  with  curvature*  of  f,  •  f  .■  .570,  for  the  sama  axial 

l  o 

load.  For  all  practical  purposes,  however,  an  average  curve  aay  be  drawn  for 
axial  stiffness  varaua  axial  load  for  all  bearing  sixes.  Zn  particular,  the 
bearing  with  the  smaller  bore  and  leas  ball*  la  lose  atlff  at  light  load*  and  j 
more  atiff  at  heavy  loads  aa  compared  to  the  larger  bore  bearing.  There  is  an 

approximate  linear  relationship  between  log  and  log  T. 

/ 

f  •  .  i 

The  third  aet  joi  (24)  chart*  contain  gratia  of  radial  atlffneaa  veraua  radial 

load.  Loa^ levels  are  indicated  on  the  curve*.  The  effect*  of  bearing  alae, 

race  curvature*,  initial  contact  angle,  and  axial  preload  are  illustrated  by 

the ar  24  chart*.  For  the  aame  radial  load  and  axial  preload,  a  bearing  operati 

with  curvature*  of  f.  «  .516,  f  -  .530  la  atlffer  than  the  a am*  bearing  operas 

l  o 

with' curvature*  of  »  £q  -  .570.  The  radial  ctiffneaa  level  is  higher  for  a 
bearing  with  a  larger  bore  diameter  and/or  a  greater  number  of  balls,  and  the 
amaller  initial  contact  angle.  (Pq  "  15°).  In  general,  the  radial  stiffness- 
radial  load  curve  for  an  angular  contact  bearing  is  composed  of  three  different! 
behaving  regions.  One  region' shows  the  stiffness  to  be  constant  with  varying  * 
radial  load.  (Thia  is  the  light  radial  load  region.)  The  middle,  or  moderate 
radial  load  region  shows  a  minimum  value  for  radial  stiffness.  The  heavily 
radial  loaded  region  shows  a  linear  relationship  between  log  and  log  P.  Th. 
third  region  is  similar  in  behavior  to  that  of  the  characteristic*  of  a  pure  r* 
loaded  deep  grooved  bearing.  The  basic  cause  for  this  curve  hav* ag  three  sepal 
regions  is  due  to  the  axial  preload.  In  region  one,  the  axial  preload  has  a 
great  effect  in  holding  the  radial  stiffness  constant.  In  region  two,  where  t! 
applied  radial  load  becomes  equal  in  magnitude  to  the  axial  preload,  th*  radial 
stiffness  tends  to  decrease  with  increasing  applied  radial  load  to  a  minimum 
value.  In  the  third  region,  the  axial  preload  has  little  or  no  effect,  and  ,h 
angular  contact  bearing  reflects  the  behavior  of  a  pure  radially  loaded  bearii 
i.e.,  a  linear  log  versus  log  P  relationship. 

Thus  another  point  one  is  led  to  observe  is  the  role  of  axial  preload  magnitudl 
on  the  three  regions  of  a  typical  stiffness  versus  load  curve.  Three  different 
preloads  are  represented  in  these  charts  and  are  tabulated  in  Table  II.  These 
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preload*  ar*  given  eh*  name*  aalaetad  light,  node race,  and  prafarrad  heavy,  flu 
efface  of  incraaaad  preload  la  to  lacraae*  tha  region  an*  load  rang*  and  dacraaa* 
region  three  load  rang*.  Thus,  eh*  uleinae*  ia  a  cone  tent  radial  aclffnaaa  with 
varying  radial  load  obtained  vlth  an  inflnlt*  preload.  1h*  incraaaad  preload 
alao  haa  eh*  affect  of  lncraaalng  tha  level  of  atiffaaaa  in  region*  on*  and  two. 
However,  it  ahould  be  noted  particularly  that  tha  level  of  aelffnaaa  in  region 
three,  for  the  a  an*  radial  load,  ia  tha  aana  for  all  preload  value*,  thia,  aa 
mentioned  above,  la  bacaua*  tha  axial  preload  affect  1*  relieved  entirely 
above  a  certain  (radial  lo*d)ihxlal  preload)  ratio.  (Approximately  F/T  ■  3  for 
Po  -  25°  and  t/T  -  A  for  PQ  -  15°. ) 

In  general,  the  light  and  extra  light  daap  grooved  hall  bearing*  examined  hare 
will  have  a  radial  atlffnaaa  ranging  from  105  to  2  x  10*  for  radial  load*  of 
fr?a  10  to  2,000  lba.  The  angular  contact  bearing*  will  have  radial  atlffnaaa 
value*  from  2  x  10*'  to  2  x  10*  for  radial  load*  of  frta  10  to  2,000  lba.  The 
deep  grooved  ball  bearing*  will  hav*  an  axial  atlffnaaa  par  bearing  of  from 
2  x  10*  to  4  x  10*  for  thruat  load*  of  from  10  to  10*  lba.  Am  in  the  caaa  of  the 
preloaded  radial  bearing,  praloadlng  will  incraaa*  tha  a*  valuaa  of  axial  atlffnaaa. 
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Table  I  Deep  Groove  Bearings 
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Tabla  II  Angular  Contact  Baaringa 


Table  HI  Axial  Loaded  Deep-Grooved  Bear  Inga 
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Table  of  approximate  load  valuae  correaponding  to  C/P  •  S  and  C/P  •  10  load  levels 


Bearing  Symbol  Load  (Lb) _ 

_ c/P  ■  3  C/P  m  10 


A1 

290 

100 

B1 

600 

250 

Cl 

1100 

450 

D1 

22SO 

950 

El 

3650 

1500 

A2 

70 

30 

B2 

175 

75 

C2 

300 

. 

100 

D2 

550 

250 

B2 

950 

350 

AA1 

380 

155 

BBl 

800 

300 

CC1 

1550 

650 

DD1 

3000 

1250 

BE1 

5050 

2100 

AA2 

95 

50 

BB2 

200 

100 

CC2 

400 

200 

DD2 

1500 

350 

EB2 

2550 

700 
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PURE  RADIAL  LOAD 


I 


i 


Kodlal  Stlffnaaa  for  Daap  Groova  Boll  Soaring- Fora 


ladlal  Stlffnasa  for  Daap  Groov*  Ball  laarln*»-For*  ladlal  Load 


p*«i  mw  nn 


Fig.  9  Axial  St 
No  Rad  la 


Deflection  (In) 


Pig.  13  Esdlsl  Stiffness  for  Angular  Contact  Searing 
Pre  Load  -  Selected  Light 
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Fig.  14  Eadlal  Stlffneaa  for  Angular  Contact  Bearing 
Pro  Load  *  Sa  lac  ted  Light 


Radial  Stlffneaa  for  Angular  Contact  Bearing 
Fra  Load  -  Selected  Light 


(QT/qi)  T»TP«* 
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Basic  Static 
Load  bimit  I 


40 


••»aj?T3S  T»TPM 
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Fig.  21  Radial  Stiffneaa  for  Angular  Contact  Bearing 
Pre-Load  -  Preferred  Heavy 


vO 

o 

(uT/qiT ««»a33T3S  T*TP*S 


Baaic  Static 
Load  Limit 


Fig.  23  Radial  Stiffness  for  Angular  Contact  Bearing 
Pre-Load  -  Preferred  Heavy 


(uj/qi)  8B3UJJT3S  I»TP»1 


46 


Fig.  24.  Isdlel  Stiffness  for  Anguler  Coot set  Searing 
Prs-Losd  -  Preferred  Heavy 


Fig.  25  Radial  Stiffneaa  for  Angular  Contact  Bearing 
Pre-Load  -  Selected  Light 


PD2 
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Fig.  26  Radial  Stiffneaa  for  Angular  Contact  Bearing 
Pre-Load  -  Selected  Light 


Fig.  27  Radial  Stiffness  for  Angular  Contact  Bearing 
Pre-Load  -  Selected  Light 


(ui/qi)  9«aujjns  T»TP»1 
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Fig.  29  Radial  Stiffness  for  Angular  Contact  Bearing 
Pre-Load  -  Moderate 


Fig.  30  Radial  Stiffness  for  Angular  Contact  Bearing 
Pre-Load  -  Moderate 


Fig.  32  Radial  Stiffness  for  Angular  Contact  Bearing 
Pre-Load  -  Moderate 


Stiffness  for  Angular  Contcct 
id  -  Preferred  Heavy 


Fig.  34  Radial  Stiffness  for  Angilar  Contact  Bearing 
Pre-Load  -  Preferred  Hea ry 


Fig.  36  Radial  Stiffness  for  Angular  Contact  Bearing 
Pre-Load  -  Preferred  Heavy 
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SAMPLE  PROBLEMS  TO  ILLUSTRATE  USE  OF  DESIGN  CHARTS 

Four  particular  examples  are  included  in  this  section: 

1.  Pure  Radial  Loaded  Bearing 

2.  Unidirectional  Thrust  Loaded  Bearing 

3.  Double-Acting  Thrust  Loaded  Bearing 

4.  Radial  Loaded,  Axial  Preloaded  Angular  Contact  Bearing 

1.  Pure  Radial  Loaded  Bearing 

What  are  the  radial  stiffness  values  corresponding  to  radial  loads  of  100  and 

700  pounds  for  a  deep-grooved  ball  bearing  with  a  BORE  *  .5906  inch  and 

f  -  f  -  .570? 
i  o 

From  Table  1,  this  bearing  corresponds  to  A2. 

From  Figure  2; 

Radial  Load  (lb)  Radial  Stiffness  (lb/in) 

100  2.88  x  105 

700  5.55  x  103 

2.  Unidirectional  Thrust  Loaded  Bearing 

What  are  the  axial  stiffness  values  corresponding  to  axial  loads  of  100  and  700 
pounds  for  the  same  deep-grooved  bail  bearing  as  used  in  sample  problem  1,  above? 

From  Figure  7 : 

Thrust  Load  (lb) 

100 
700 

3.  Double-Acting  Thrust  Loaded  Bearing 

What  is  the  axial  stiffness  for  a  double-acting,  deep-grooved  ball  bearing, 
thrust  bearing  set,  preloaded  to  200  pounds!  The  bearings  are  type  A-2. 

From  Figure  8:  Read  off  loads  corresponding  to  equal  deflections  around 
preload  of  200  pounds. 


Thrust  Stiffness  (lb/in) 
9.10  x. 104 
3.22  x  105  . 
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'  tius , 

Load  (lb)  Deflection  (in) 


160 

2.8 

X 

t—* 

o 

1 

*  200 

3.1 

-3 

x  10 

240 

3.4 

-3 

x  10 

The  axial  stiffness  is  S 

Al  240  -  160 

■  c  *  _  3 

A 

.3  x  10  3 

SA 

-  267,000  lb/in 

This  problem  may  also  be 

solved  using  Figure  7  in 

conjunction  with  Figure  8 

Thus , 

Load  (lb) 

Deflection  (in) 

Stiffness  (lb/in) 

160 

2.8  x  10'3 

1.22  x  1G5 

200 

3.1  x  10'3 

1.4  x  105 

240 

3.4  x  10'3 

1.58  x  1C5 

SA  -  IS  -  (1.58  +  1.22)  x  103  -  2.8  x  105  lb/in 

or  S  ■  2  x  1.4  x  105  -  2.8  x  105  lb/in 

A 

For  light  loads,  i.e.,  loadB  less  than  the  axial  preload,  the  load-deflection 
characteristics  are  essentially  linear. 

4.  Radial  Loaded,  Axial  Preloaded  Angular  Contact  Bearing 

What  are  the  radial  Btiffness  values  corresponding  to  radial  loads  of  100  and 
700  pounds  for  an  angular  contact  bearing  with  a  BORE  •  .5906  inch  and 
f^  m  f  m  .570.  The  contact,  angle  is  15  degrees,  and  it  has  a  medium  axial 
preload . 

From  Table  2,  this  bearing  corresponds  to  PA2. 
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From  Figure  30, 


Radial  Load  (lb)  Radial  Stiffness  (lb/in) 

100  4 .45  x  105 

700  5.90  x  105 


Note:  One  must  be  careful  in  using  the  charts,  in  particular  for  the  angular 
contact  bearing,  that  the  design  contact  angle  and  axial  preloading 
design  value  correspond  to  the  values  given  in  the  Figure  legend. 
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APPENDIX 

A.  Analysis 

The  Cheory  used  for  predlcCing  the  load  carrying  capacity,  deflectiona,  and 
atraaaea  of  deep-grooved,  and  angular  contact  bearinga  ia  that  of  Raferer.ce  1.* 
The  equationa  relating  load  and  deflection  were  differentiated  to  obtain  the 
equation  for  atiffneea. 

A  calculational  procedure  wat  deviaad  for  predicting  the  maximum  ball  load, 
deflection,  atiffneaa,  and  inner  and  outer  race  atreaaea,  aa  a  function  of  total 
applied  load,  preload  and  bearing  geometry.  Thla  procedure  waa  programmed  aa 
computer  program  PN0182,  IBM  1620-60K. 

Three  aeparate  caaea  are  treated: 

1)  Pure  Radial  Load,  deep  grooved  bearing  (Ref.  2,3) 

2)  Pure  Thruat  Load,  deep  grooved  bearing 

3)  Combined  Radial  Load  with  Axial  Preload,  angular  contact  bearing 
(Ref.  2,3) 


Pure  Radial  Load 
Maximum  Ball  Load.  P 


P  -  4.37  *  P/n 
o 


Radial  Deflection,  ft. 


N 
2/3 


where 


and 


&  -  C  P 

N  o  o  . 


CQ  -  7.8107  x  10'6  <CftQ  +  Cft1)/d  1/3 


C6o,  C81  -  f(ft,  fQ.  K,  d,  P<)) 


A-l 


A-2 


A-3 


A-4 


See  Reference.*  Section 
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”1, 


K 

SR  -  3/2  P/PN 

Compressive  Stresses.  S 

Sm  -  f  (15079) 
m  sm 

where 

f  -  f<f,,  f  , 
sm  '  i’  o’ 

and 

o 

u 

o 

■ 

B 

Pure  Thrust  Load 

Maximum  Ball  Load.  P 

o 

T 

o  "  n  sinp^ 

Axial 

Deflection,  8^ 

/!» \ 1/3 


where 


•in  (p.  -  p') 

6  «  Bd  *  - - - 

H  co«  p^ 


B  -  f .  +  f  -  1 
1  o 


and 


P^  Is  found  by  an  iteration  schema,  written  below. 


Applied  Thrust  (Axial)  Load.  T 


2  lcoa  \ 

T  -  nd  K  •  sin  ^  -  l) 

f  BxlO^  "f/2 

*  - 


where 


and 


P^  is  found  as  follows: 


3/2 


A-5 


A-6 


A-7 


A-8 


A-9 


A- 10 


A-ll 


A- 12 
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Define  the  following  quantltiea: 


T 

nd2  K 


b 


i 

Co*  3  •  a  Co*  3,  ■  x 

o  1 


Then  Squat ion  (A- 11)  may  be  written  aa 
(1  -  x2)1/3  (-  -  1)  -  b 

Let  y  «  —  -  1  .  A-13 

Then  y  -  b(l  -  x2)'1/3  A-14 

It  ia  a  known  fact  that  b  «  1.  Therefore,  aa  a  good  gueaa  to  atart  the  iteration 
acheme  for  aolving  (A-14),  let 

y  ■  byj  +  b2y2  + .  A-15 

where  2 

yl“  1  +  3 

and 

2  2  a  ia 

y2"“3  *  yl  •  A‘16 

The  procedure  la: 

1)  Calculate  y^,  y^  from  (A-16)  and  y  from  (A-15),  knowing  a  and  b. 

2)  Calculate  x  from  (a-13)  knowing  y. 

3)  Calculate  y  from  (A-14). 

4)  Check  y  from  atep  (3)  with  y  from  atep  (2). 

5)  If  the  valuea  are  equal 

■  coa-1  (x), 

otherwiae  uae  an  average  value  for  y  and  repeat  atepa  (2)  through  (5) 
until  agreement  la  obtained. 


Axial  Stiffness,  S 
S 


- '  A 

B  *  ' 

r 

1  2 
|  sin  pt 

-■COS  p*  1 

O  % 

1/2  cos  p. 

CO.  Bo  -13/2) 

ndB*  1 

L cos  Px 

▼  f 

cos  Po 

-  coa  Pt  lJ  j 

A-17 


Compressive  Stresses,  Sq, 

1/3 
<T 


s  -  f 

m  am 


,P  \ 
(15079)j-j-J 


A-6 


where 


and 


‘(‘r  ‘o'  *•  d •  «!> 

m  ■  i,  or  o 


P  la  calculated  from  (A*8) 
o 


A-7 


Combined  Radial  Load  and  Axial  Preload 


The  aame  procedure  for  finding  p^  aa  applied  in  the  pure  thrust  load  case  is 
applied  in  this  case  in  order  to  find  A  value  of  radial  def lection^By, 

is  assumed,  then  the  radial  force,  IV,  is  calculated  as  a  function  of  6^  and 


V 


The  following  definitions  are  written: 

6  & 

k,  .  JL  h'  -  and 

k  Bd  *  n  Bd 


♦'  “  cos 

■  n  ,  cos  ♦  ’<  -1 
Maximum  Ball  Load,  P 


ml  [l  -  (sin  fl'o  +  h’)2^  cos  P 


,  cos  ♦  *>  -1 


P  -  Kd 
o 


(sin  P^  +  h')*”  +  (cos  P^  +  k'  cos 


T?-i] 


3/2 


A- 18 


A- 19 


♦  -  0V 


where 


Radial  Deflection.  6yj  Axial  Deflection.  6^ 

5y  -  k'  Bd  &H  -  h'  Bd  A-20 

Axial  Preload.  T 

Calculate  from  (A-ll)  and  (A-12). 


Radial  Load.  Si 

Si  -  nd  2  K  z  /*.  Ad* 

Jl  V 
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where 


f.m  "  f(fl*  fo’  E'  d»  Pl>  k‘7 

a  ■  1,  or  o,  and  Pq  is  calculatad  froa  (A-19). 

B.  Computer  Program 

A  Foreran  II  computer  program  listing  is  included  in  this  memorandum. 

The  Input  Format  written  below  should  be  followed  when  using  this  program^  PN0182 
IBM  1620-60K. 


Input  Format 

Card  1  Identification  Card 

Anything  may  be  punched  in  columns  2*72. 

Card  2  (6  F10.  6,  3IA) 

Item 

1.  BOSE,  Bore  diameter,  in. 

2.  0D,  Extreme  outer  diameter,  in. 

3.  DB,  Bell  diameter,  in. 

A.  FI,  Radius  of  Curvature  of  Inner  Race 

5.  F0,  Radius  of  Curvature  of  Outer  .ace 

6.  BETA,  Contact  Angle,  deg  O  «  0°  for  pure  radial  load) 

7.  N,  Total  number  of  balls 

8.  IND,  An  indicator  used  to  specify  either  one  of  three  different 

types  of  calculations. 

INO:  0  Bure  Radial  Load 
IND:  1  Pure  Thrust  Load 

IND:  >2  Combined  Radial  Load  -  Axial  Preload 

9.  LC,  An  indicator  used  to  stop  calculation  procedure 

LC:  0  Program  returns  to  Card  1  for  more  input. 

LC:  1  Program  stops  after  computation  is  completed 
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Card  3  (3F10.6,  15) 

IND  -  0 


Item 

1.  RI,  Initial  Radial  Load,  lb. 

2.  RD,  Radial  Load  Increment,  lb 

3.  RF,  Final  Radial  Load,  lb.  (Not  uaad  In  calculation.  RF  ■  0.0) 

4.  M,  Total  number  of  radial  loada 

IND  -  1 
Item 

1.  TI,  Initial  Thrust  Load,  lb 

2.  TD,  Thrust  Load  Incrementa,  lb 

3.  Cfi)NV ,  A  radius  of  convergence  used  in  the  iteration  process  for  cal* 
culating  3^.  C0NV  ■  .0005  Is  a  typical  value. 

4.  M,  Total  number  of  thrust  loads 


IND  >  2 
Item 

1.  TI,  Axial  Preload,  lb 

2.  TD,  Axial  Preload  Increment,  lb  (Not  used  in  calculation  T  •  ■  0.0) 

3.  C0NV,  a  radius  of  convergence  used  in  the  iteration  process  for 
calculating  3^ . 

4.  M,  Total  number  of  preloads  (must  be  set  equal  to  one;  i.e.  M  ■  1) 


Note:  The  total  number  of  radial  loads  which  will  be  calculated  as  a 
function  of  axial  preload  and  radial  deflection  is  equal  to  the 
value  of  IND.  Thus,  IND  ■  20,  the  calculatlonal  procedure  will 
solve  for  *20'  consecutive  radial  loads.  A  maximum  of  IND  ■  24 
is  allowed. 


Outpuc  Format 

The  output  la  self  explanatory.  All  linear  dimensions  are  in  inches.  All  loads 
are  in  pounds.  The  stiffness  units  are  in  lb/ln.  The  stresses  are  measured  in 
pel. 
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Z  ball  BEARING  ST  I FFTTCSS  AND- 5TRF  $S  CALCULATION  ROUTINE  FOR ' 

C _ PURE  RADIAL. PURE  THRUST  .OR  COMBINED  LOAOING  INCLUDING  CENTRIFUGAL 

C  PN1-'  1 82  3 JUNE  164)  SBM  AND  P(AoJlL  FOR  JL 

DIMENSION  FF ( 12 ) #SB< 12 ) .CC( 12) .DD( 12  1  *oS( 12)  .CS( 121 .OS (121 

- tnTTET^TTJTTTrnTzrr - - 

K.OP-V 

FFnr^.Tu? - - 

FF(2)-.51u 
IT  (  3  )  «  .  5  1 6 
FF(4I-.52C 

- mrttTc - 

_ FF (61*  .540 

FF  (  7  jV»  55ii 
TF  (81-.360 
FF ( 9 1 ■ » 3  7u 

_ FF (  10)-. jBO 

F  F ( 1 1 ) «  «  590 

_  _ FF( 121-.60U 

BB I  1 >  *.816 
Bb  C  2 ) * . 92ri 
B  B  <T  j  «  1 »  0  3  7  ' 

BB(4)*1.C92 

- 5ET5TRT7T7T - 

BB(6I«1.273 
6  B ( 7T-1 .  3  3  b 
Bb ( 8 ) *  1 • 333 
615191*1.458" 

BH  <  101-1. <*65 

- ggTrnvr  .493 - - 

bu( 121-1.525 

- CC  ( 1 T-TT9U . . 

CC  <  2  I  3 • 39  5 

cmi-i.o  ‘  _  . 

CC  <  4 ) ■ 1 .05 

- fnTr_r_T5 . .  . 

CC ( 6 ) *  1 • 22 

CCT7  1-1.278  . . 

_ CCm^U321 

CC  ("91 « 1 .36 

_ CCU^l-1.395 _ 

CC ( 1 1  I  -  1 .425 

_ CC  1 1 2 ) » 1 .43 

DD(1)«. 850 

_ 00(21-. 968 

DD(3)»l7085 

_ OP (41-1.145 

00(51-1.260 

_ DU (61-1.341 

00(71-1.410* 

_ BP18J?.  It  *«■... _ 

00(91-1.510 


00(111-1.585 

DD( 121-1.62 

BS< 1 1-.85 

BS ( 2 1 » • 94 

BS ( 3 1  - 1 .03 

65(41 -1.075 

BS ( 5 1  - 1 • 1 7 

6S<6)«1.24 

BS ( 7 1 ■ 1 • 30 
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BS ( 8 1-1.35 

SS< 101-1.44 
BS ( 1 1 ) - 1 .47 
BSI 12) -1.51 
CS( 1 1-.70 

TsTmrrs — 

CS ( 3 1 ■ • 86 
CSI41-.90 
CS( 51-.98 
CS<6)-1.0<. 
CS I  7 ) - 1 .09 

TTTBTnrn 

CS ( 9 ) - 1 • 18 
"C  S'?  101-1.21 
CSUD-1.25 
"CS  fin- 1.2  75 
DS( 1 1-1.16 
~0S7  2 1-1.25 

DS( 31-1.40 
05(41-1.46 
PS <  5 1 « 1 .58 
"OS (61-1.65 
05(71-1.75 
05(81-1.80 
OS ( 9 1 ■ 1 • 65 

“B$(  101-1757" 

05(111-1.95 


6  READ  100 

- READ  10TT 

PUNCH  111 


700. PE.FI.FO. SETA. N.IND.LC 


PUNCH  103 

PUNCH  1{J4.  d3RL.0D.D0'. FT7F0.6ET A , if 
IF  ( IND-1 )  1.2.3 
THtAU  10/.  KI.TO.RF.M  ' 

PUNCH  106 

—  GO"  TO  4 - — . 

2  REAP  10/.  T1  .TD.CONV.M 


00  TO  4 


KOP-KOP+1 
IF  (KOP-11  ] 
18  AK1I11-.002 


AA1I31-.0U4 


AKK51-.006 


AK1 (71-.008 


AKK91-.010 
“AR1 1 1U  J  ».U12 
AH1 ( 11 1 -.014 
''AU  1 12  )  ,.U16 
A<l(13)-.0ia 
ATT ( X4I -.020 
AKK151-.022 


AHl  (  17)*. j26 
A  n  1  (  1  d  ) 1 .028 
ANl (  IV)*  .  o  30 
AHlt2u)**J3;> 

~  AK  1  ( 21  )  *.  j4  j 
AXl  <  22  I 
AH  1  (  23  I  *.  JbJ 
A<  1  ( 24 ) * .  / 7 j 
GO  TC  4 

PKtLlf.I<«AKY  C  ALCUL  AT  I  Ui.3 
4'  BrT*:.C174533*0£:TA 
L  =  Idi-i<C+^li)  /  2  »  c 
AN*N 

CGSB*CO?.f  (  r,fcT  ) 

SIKB»3INF(uETJ 
l  *Dti*CG.V>/C 

'  CALL  Tlu  (FI  .(j.FF »uri*12  ) 

CALL  TLU  (F1*L*1'*c-l«12) 
CDI«-(l-i';)*2*2.S  +  o  . 

CALL  TLU  (Fu.o.FF.ot.  «12) 

CALL  TL'J  IrO.C.FF.CC.12) 

CJO«-(u-C)*2*2.w+B 

CALL  TL'.'  (F0»BZ’FF, 1?) 

CALL  THJ  (Fo.C2.FF  ,C  *12) 
FSJsBZ-182-CZ)*?. :»2 
CALL  TLU  (  F  I  «Zu  *  FF  t  uC.  »  1  2  ) 

CALL  TLU  (  F  I  .  Z  U  ♦  r  r'  . ■  3  •  1  ^  ) 
FSI*Zj-(2o-Zu)*2.v.*Z 
U'.->3«0o**0. 333333 
C  *  7  •  d  1  07F  -  .>6*  (  CuO+C  u  I  )  /-•  ..•> 

MCON* 1 5  0  79 •  • 1  /  D»3 /Ot  •  ? 

IF  (IND-l)  8.9.9 

8  R  *k  I  -R3 

DO  5  1*1. A 
RsR+KO 

PO*4.37*R/An 
P03*P0**U. 333333 
DN=C*PQ3*P03 
'DKDDN*  1  .b*R/0i'i 
SXI  =Pu3*rtCu.N 
SXu  =  F  jO*OM1 
S.-.1  *FbI  *b  -,I 

5  PUNCH  lwb.  K  .Pu.ON.OR  JuK'.Oi  I  »Vu 
20  IF  (LCI  6.6.15 

9  d*F I+FO-1.0 

AlC»  ( [>/  (  CuU+CD  I  )/7«81C7l.-C6)**3 

. D*AN*Db*03 

_  A<*SORTF(AK  ) 

AH* AK*D 
T-JI-TO 
A*CGSb 

_ Y1«1«U*A*A/3»Q _ 

Y2*-U«  666667 *A*A*Y 1 
_  DO  lv»  1*1. M 
T*T+TD 

_ Bi*_T/AK_ 

62*31**0.333333 

B2*b2«B2 _ _ 

Y*32*Yl+u2*62*Y2 

13  A*A/  ( Y+l «0 ) _ _ 

YY*t 1.0-X*X)*«J. 333^33 
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YY-B2/YY 

_ tl-SQRIf  J  Y.*^YY*YY  \  . 

ETA*ABSF ( Y ) -AbSF ( YY ) 

ETA-AbSF ( ETA ) /t T-CONV 

- rr*iiTrrn7ir.i2 . 

12  Y*(V*YY)/2.0 

- "60  TO'  13 

11  XS*SORTF( 1. J-X*XI 
'  BET1»ATANF<XS/X) 

_ DHl«1.0/X»SINF<BETl-tf£T) 

0H«B*0B*0H1 

2«0B/E»X 

"FsC*bZ- ( BZ-CZ )#2.0#Z 

_  FSl*ZB-(Zd-ZD)*2.0*Z 

OT ■A/X’-l  *0 
DTS*SURTF ( PT  > 

6t66H*DTS»A</5/'5B*  (  i .  5»XS*XS*DT»X*X«X/A ) 
IFUND-l)  16.16.17 
TS  "PO-T/AN/XS 

P03«P0*»Q. 333333 

TMriP03*HC0N 

SMO«FSO*SMI 

lMT7FJT*5ffl 

10  PUNCH  105.  T.PO.OH.CTOOH.SMI.SMO 

"  60  r<T2i 

17  SI*  ( SlNb+DHl ) »*2 

-  punch  109  ■ 

PUNCH  105.T  » b 1 .UH.0H1 . uTDOH 

- PuNOFTTOS- . . 

00  19  1*1. INO 

Tx-lSicTTTj 

__  PHC*  ( SGRTF {  1  «G-S1 » -COSB  )  /HC 

‘  phca«absf«phcT 

_ 1 F ( PHCA—1 «  0 )  40.41.41 

41  PHI  «3. 141592  7  "" 

_  GO  TO  31  _ 

~  40  PHS«SORTF« T.C-PHOPHCJ 
PHI«ATANF(PHS/PHCI 
TP1 PHC )  30.31*31 

30  PH1«3.1415927+PHI 

31  bPH I »Ph I / 30 «  5 

__  PHID»PHI*57. 29578 
X»-DPHI 
SUM-U.O 

-  ‘  SUMS* 0 «C 

DO  32  J*l»31 

- kvs+dptti - 

CP*COSF ( X ) 

■  SS'COSo+FKiCP1" 

_  IF  (J  -1)  35*35.33 

75  YX*C. 5 
GO  TO  34 

-  Trrjr*r.o  * 

34  P»SH-S2**2 
*  "  P«SQRTF(PJ 

IF  (P-1.0)  53.53.54 

53  PM1-1.0E-06 
GO  TO  55 

54  PMl*SORTF(P-l.v) 

55  PM2*PK1»*3 
- Pf^»PM2rfP^T*PMr * 


SST»PK2*S2«CP/P 

SUM»SUM+SST«YX 

S3-C0/S2 

ST  »S3  ♦SST»(J.5*P*1«0)/P/PK3 

- ITT^TNrrTwTTTtTT)- 5I7T2 - ...  - - - 

32  PUNCri  105.33.ST.P.PMl,SST.S2 
32  SUMS»SUKS*ST*SST«YX 

SUH-( SUM-0. 3«SSI )»OPHl /3. 1»15 92 7 
SUMS- (SUMS-0'.5*SST»ST»*0PMl/3. 141  3927 
1 F ( SENSE  SWITCH  2  1_3C ,31 
50  PUNCH  105,  SUM, SUMS, PH10«F< 

31  PQ-SQRTF 1 Sl*<COS8*FK)**2) 

PO-SORTF (PO-i .0 1 
PO«PU»«3»A*/AN 
PQ  3«  P  0  **  0 i33  3  33  3 
SMI -P03-HCON 
SMO«FSO*SM I 

_ SMI-FSI »SMJ _ 

R-SUM*AK 

DRDDN-SUMS-AK /8/DO 
DN«FX*B*D3 

19  PUNCH  103,R,P0,DN,DRDUN»SM1 ,SMO 
GO  TO  20 

15  STOP _ 

FORMAT  STATEMENTS 
IOC  FORMAT  I 72HO 

1  > 

1C2  FORMAT (6F 10. 6, 314) 

TuVTo^maTT6TTi375",18  i . 

Iu3  FORMAT (72H0  oORE  0.0.  bALL  UlA.  F(I)  FCO)  CC 

TnSlT~nS^oF  'ttAULS} 

105  FORMAT! IX . E 1 1 .4 . IX , E 1 1 .4 . IX ,E 1 1 .4 , IX , E 11 .4 . IX ,c 1 1 .4 , IX »cl 1 .4 ) 


Ta6TT5ffMAT(lT2H0ToT. RAO. LOAD  DALE  LCAJ 
1RESS  Q.R. SJ  RE  S  S 1 
107  FORMAT  (3FiO".6i  15) 

lu8  FORMAT ( 72H0THRUST  LOAD  BALL  LOAD 
1'ftESS  O.ftVSTRESS) 

109 • FORMAT ( 62H0 THRUST  LOAD  T/NDDK 

1ST  I FF • ) 

110  FORMAT (2F10«6,IS) 

111  FORMAT ( 1H1 ) 

END 


DEFLECTION  stiffness 


deflection  stiffness  i.r.st 


T/NDDK  AXIAL  UEFL. 


axial 


SUBROUTINE  TLU  (A.8.C.0.N) 

A  INDEPENDENT  VARIABLE 


C  INDEPENDENT  TABLE 


N  NO  UP  ENTRIES  IN  TaoLE 
« — HTTITD'1 5TH - 


NTX2»C 


NTXI-N 

- - - 

13  IFIH-ll  39.39.42 

GO  TO  99 

”55  IF  lt(I)-C(Ul>)  45 *43*44 

A3  1»U1 _ _ 

56  t6  "a2  / 

4A  I F  I C  <  M ) -A )  6*7*8 
45  IF  (A-C(MM  /  6  •  7  »  8 
7  B«D(.M»  / 

66  f  u  9*5  ~  '■ 

6  IF  (M-NTX2-1 19.10.15 


M«m-(M-NTX2>/2 
50“1‘0  13 
9  NTX I ■  M 


8  NTX2-M _ 

IF  (NTX2-NTXI+1I13.18.13 


10  DENO-  C  M )  -C  ( Fi- 1 1 

- blFF«  "A-6(tor  - . 

»■  OIFF/DENO*(U(M(-DC'T-1 1  )+U(N) 

99  RETURN - 


<*'  j— iMliw  g°r  Ana1ylf 


Symbol 

B 

C 

o 

50 

51 

d 

B 


h‘ 


K 

k' 


Definition 


Unite 


Total  Curvature,  Iq.  A* 10 

ladle  1  Deflection  Con a tent ,  Iq.  A- 3 

Deflection  Constant  of  Outer  lace,  Iq.  A-A 

Deflection  Conatant  of  Inner  lace,  Iq.  A -A 

Ball  Diameter 

Bitch  Circle  Diameter 

Inner  lace  Curvature 

Outer  lace  Curvature 

Streaa  Factor  for  Inner  lace,  Iq.  A-7 

Streaa  Factor  for  Outer  lace,  Iq.  A-7 

lelatlva  Displacement  of  lecae  in  Axial  Direction 
Iq.  A- 18 

Axial  Deflection  Conatant,  Iq.  A-12 

lelatlva  Diaplacament  of  lacaa  In  ladial  Direction 
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in. 


in. 


In. 


in. 


Humber  of  Balia 

Maximum  Ball  Load  lb. 


Magnitude  of  ladial  Load  for  Deep  Grooved  Bearing  lb. 
Stiffnaaa/Bearlng  in  Axial  Direction  Due  to  Load  lb. /in. 


in  Axial  Direction 

Stiffneaa  in  ladial  Direction  lb. /in. 

Compraasive  Streaa  in  Inner  lace  pal 

Compressive  Stress  in  Outer  lace  psi 

Axial  Load,  or  Preload  lb. 

Initial  Contact  Angle  deg. 

Contact  Angle  after  Preload  deg. 

Operating  Contact  Angle  deg. 

Deflection  in  Axial  Direction  in. 

Deflection  in  ladial  Direction  in. 

Deflection  in  Vertical  or  ladial  Direction  in. 


Magnitude  of  ladial  Load  for  Angular  Contact  Brg.  in. 

Angle  Measured  to  a  Load  Vector Klthin  Loaded  Zona  deg. 
of  Ball 

Half  Angular  Ixtant  of  Loaded  Zone  of  Bell  deg. 
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